Vitamin D action is thought to be mediated largely through its dihydroxylated metabolite 1,25-(OH)2D3 in a manner analogous to that of the steroid hormones (DeLuca, 1979; Haussler & McCain, 1977; Norman, 1980 supported by two major pieces of evidence. First, high-affinity specific cytosolic receptors for 1,25-(OH)2D3 have been demonstrated in its well characterized target organs, i.e. intestine (Tsai & Norman, 1973; Brumbaugh & Haussler, 1974; Kream et al., 1976; and bone Manolagas et al., 1979; Chen et al., 1979) . Secondly, a steroid-like mechanism is supported by the demonstration of nuclear localization of hormone in vivo (Stumpf et al., 1979 (Stumpf et al., , 1980 and association of hormone-receptor complexes with nuclear components in vitro (Brumbaugh & Haussler, 1974; Colston & Feldman, 1980; Walters et al., 1980) despite the fact that the specific gene product(s) responsible for Ca2+ transport has not been conclusively identified. On the basis of this hypothetical scheme the presence of 1,25-(OH)2D3 receptor has been taken to indicate a 1,25-(OH)2D3-responsive organ, particularly where calcium phosphate transport or regulation is involved, e.g., kidney, oviduct and parathyroid (Brumbaugh et al., 1975; Christakos & Norman, 1979; Colston & Feldman, 1979; Coty, 1980) .
We have recently demonstrated that high-affinity specific receptors for 1,25-(OH)2D3 are present in several cultured breast cancer cell lines as well as in normal functional rabbit breast tissue (Eisman et al., 1979 (Eisman et al., , 1980a Martin et al., 1980; Findlay et al., 1980 and without a 250-fold molar excess of unlabelled 25-(OH)D3 was added to the cells in RPMI 1640 medium supplemented with 0.05% bovine serum albumin and incubated for I to 6 h.
Scatchard analysis of the uptake of [3HI 1,25-(OH)2D3 was performed on the data obtained after 10-12h incubation when binding was maximal. To study the egress of 1,25-(OH)2D3 from these cells, cells were pre-incubated at 370C with 3HI 1,25-(OH)2D3 (250pM) with or without unlabelled 1,25-(OH)2D3 in RPMI 1640 medium containing 5% charcoal-treated foetal-calf serum. After 16 h this medium was removed and replaced with fresh 1,25-(OH)2D3-free medium. After various times of further incubation up to 48 h at 370C, the cells were harvested and counted for radioactivity as described above.
Subcellular localization ofreceptor
For subcellular localization studies, cells grown in 75 cm2 flasks were incubated with P3H] 1,25-(OH)2D3 (100pM) with or without unlabelled 1,25-(OH)2D3.
After various times the cells were rinsed as above, and removed with a rubber policeman. Disruption of cells was achieved by hypo-osmotic lysis in buffer A for 30min at 4°C and passage through a 23-gauge stainless-steel needle. Buffer A contained 1.5 mMCaCl2 in 5 mM-imidazole, pH 7.4. Fractionation of the cells into various subcellular components (Marver & Edelman, 1975) was as follows. The supernatant fraction from centrifugation at lOQOg for 0min was further centrifuged at lOOIOOg forI h to provide a supernatant or cytosol fraction and a pellet consisting largely of mitochondria, microsomes and other endoplasmic-reticulum components. The initial low-speed pellet was suspended in buffer B, which contained 1.5 mM-CaCl2, 2 mM-dithiothreitol, 20 mMimidazole (pH 7.4), 0.25 M-sucrose and 5000 i.u. of aprotinin/ml. This crude nuclear pellet was recentrifuged, suspended in 2 ml of 2.2 M-sucrose in buffer B and layered on top of a cushion of 1.6 ml of 2.2 M-sucrose in buffer B. After centrifugation at 300000g (Beckman SW 50.1 rotor at 45000 rev./min and 8.35 ray.) for 20min the partially purified nuclei, which pelleted at the bottom of the tube, were extracted with 0.1 M-and/or 0.4 M-KCI in buffer B. In the experiments where the cells had been incubated with [3HI 1,25-(OH)2D3 the individual fractions were corrected for variations in efficiency by the use of internal standards and the externalstandard ratio. In parallel experiments, cells incubated under identical conditions but without P3Hl-1,25-(OH)2D3 were fractionated identically. Subsequently these fractions were brought to 0.1 M-KC1 in buffer B before incubation at 4°C with 50pM-
[3PH]1,25-(OH)2D3 with and without a 100-fold molar excess of unlabelled 1,25-(OH)2D3. Incubations were at 250C for 2h and at 40C for 4h. Separation of bound from free ligand was achieved by using 0.1% dextran T70/1.0% charcoal (0.2ml/ ml of incubation mixture). After 30 min incubation at 4 0 C and centrifugation at 2000 g for 15 min at 4 0 C, the bound hormone in the supernatant was counted with Instagel scintillation fluid. Recovery of nuclei was estimated from recovery of DNA in cells purified in parallel with the experimental cells (Setaro & Morley, 1976) .
Results
The T47 D cells growing in monolayer culture exhibited specific uptake of [3HI 1,25-(OH)2D3 with a prolonged time course reaching maximum binding after at least 8 h (Fig. 1) . 25-(OH)D3 did not alter the rate of uptake or maximum specific binding reached under these conditions (Fig. 1) 10-12 h of incubation indicated a Kd of 68pM and a receptor number of 11 800 sites/cell (Fig. 3) .
The rate of egress of radioactivity from preincubated cells is shown in Fig. 4 (Muler et al., 1979 (Table 1) . By those found in the cytosols prepared from disrupted ted cells about cells (Eisman et al., 1979 (Eisman et al., , 1980a Martin et al., ) calized to the 1980; Findlay et al., 1980 (Walters et al., 1980) . Nuclear translocation of the receptor after pre-incubation with [3H] 1,25-(OH)2D3 is indicated by the fact that the receptor-hormone complex is largely localized to the purified nuclei and is resistant to extraction by 0.1 M-KCI but can be extracted with 0.4 M-KCI.
In summary, the uptake of [3H]1,25-(OH)2D3 by the T47 D cells in culture is specific for 1,25-(OH)2D3. The binding affinity and receptor concentration are similar to those previously reported for the breast cancer cells and to the reported higher-affinity binding of chicken bone receptor (Mellon & DeLuca, 1980) . The rate of uptake is very slow by comparison with that of other steroid hormones, e.g. oestradiol, and the explanation for this delay deserves further study. Finally there is clear evidence of translocation of the receptor from the cytosol to the nucleus. These findings support the hypothesis that the 1,25-(OH)2D3 receptor that is present in cultured breast cancer cells, in normal functional rabbit breast tissue and in primary breast cancers, may represent the first component of a 1,25-(OH)2D3-dependent function, probably that of mineral transport. This possibility is supported by work (Fry et al., 1980) suggesting stimulation by 1,25-(OH)2D3 of Ca2+ transport into rat breast milk. It seems reasonable to suggest that these cultured breast cancer cells may provide a valuable model in vitro for the further study of the early biochemical events in 1,25-(OH)2D3 action in its target organs.
